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Any treatment o prevent he onset of juvenile myopia will require predictive tests in order to determine 
which children should receive treatment. Three risk factors for myopia were evaluated for their ability 
to predict myopia: (a) refraction at school entry; (b) refraction in infancy; and (c) parental history 
of myopia. Bayes' theorem was used to estimate these conditional probabilities. Refraction at school 
entry had twice the power to predict myopia (probability of juvenile myopia given the child is near 
emmetropia at school entry----0.53) compared to either infant refraction (0.21-0.28) or parental 
myopia (0.20-0.25). While a history of any parent having myopia had the highest test sensitivity 
(probability of a positive family history of myopia given juvenile myopia in the child = 0.90) and 
refraction at school entry the highest est specificity (probability of more hyperopia than -J-0.50 D at 
school entry given no juvenile myopia ---- 0.91), none of these three factors had high values for both 
sensitivity and specificity. Further work is required to develop a battery of tests which could predict 
the onset of juvenile myopia with both adequate sensitivity and specificity. 
Myopia Refractive rror Risk factors Bayes' theorem 
INTRODUCTION 
Because pharmacological intervention in the abnormal 
eye growth of juvenile onset myopia may be possible 
in the twenty-first century (Stone, Lin & Laties, 1991; 
McBrien & Cottriall, 1993), there is renewed interest in 
predicting the onset of childhood myopia. In order to 
apply any potential treatment in a meaningful way and 
in order to evaluate that treatment's efficacy, the clinical 
community would insist on specific, accurate guidelines 
as to who was most likely to develop myopia. Previous 
proposed therapies for myopia, e.g. bifocal spectacles 
(Mandell, 1959; Roberts & Banford, 1967; Oakley & 
Young, 1975; Goss, 1986; Grosvenor, Perrigin, Perrigin 
& Maslovitz, 1987; Parssinen, Hemminki & Klemetti, 
1989) rigid contact lenses (Baldwin, West, Jolley & Reid, 
1969; Stone, 1973, 1976; Perrigin, Perrigin, Quintero 
& Grosvenor, 1990), and topical cycloplegic agents 
(Bedrossian, 1979; Yen, Liu, Kao & Shiao, 1989) 
have been applied to prevalent myopes in the hope of 
retarding myopia progression. An optimal treatment 
would begin before the onset of myopia; therefore, how 
and when to identify pre-myopes i an essential part 
of the development of any truly preventive treatment 
regimen. 
In the early 1960s, Hirsch (1964) observed that 
children with less hyperopic refractions by non- 
cycloplegic retinoscopy at school entry were more likely 
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to develop juvenile onset myopia during the ensuing 
school years. More recently Gwiazda, Thorn, Bauer and 
Held (1993) have claimed that non-cycloplegic, near 
retinoscopy results in infancy can predict school-age 
refractive error: specifically, that babies with myopic 
near retinoscopy measures are more likely to be myopic 
by ages 9-13 yr. 
Parents frequently ask eye care practitioners whether 
their hyperopic or emmetropic hild will eventually 
develop myopia. This is especially true when the parents 
themselves are myopic. From studies conducted in the 
United States and Europe, the best estimates of the 
prevalence of myopia among children of myopic parents 
are on the order of 30-40% when both parents are 
myopic, 15-25% when either parent is myopic, and 10% 
when neither parent is myopic (Goldschmidt, 1968; 
Ashton, 1985; Gwiazda et al., 1993). Thus there may be 
some predictive power in knowing the parental refractive 
error history. 
Although these studies of putative risk factors 
may provide some information about the etiology of 
myopia, the analysis methods used in these investi- 
gations do not evaluate the utility of these factors in 
predicting myopia onset. For example, none of these 
analyses calculate the sensitivity and specificity of their 
particular risk factor(s) for predicting myopia onset. 
Further, risk factors as predictors must be evaluated in 
light of the probability of the condition in the population 
at risk (Hill, 1987). Bayes' theorem is a basic statistical 
tool which can be used to obtain these predictive prob- 
abilities. 
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TABLE 1. Re-analysis of Hirsch's data on non-cycloplegic retinoscopy at school entry and prediction of the onset of juvenile myopia 
(Hirsch, 1964) 
Juvenile myope at 
age 13 or 14yr 
(Sph eq: -0.50 D or more myopia) 
Not a juvenile myope at 
age 13 or 14yr 
(Sph eq: -0.49 D or less myopia 
emmetropia, or any hyperopia) Total 
Retinoscopy at school entry: Sph. eq. 
refraction of any minus, emmetropia, 
or hyperopia less than +0.50 D 
Retinoscopy at school entry: Sph. eq. 
refraction of +0.50 D or more plus power 
Total 
54 
38 
92 
61 115 
613 651 
674 766 
Prevalence of myopia: 92/766 = 12%. 
The purpose of this report is to re-analyze the data of 
Hirsch (1964), Gwiazda et al. (1993), and new data 
on parental refractive error history from the Orinda 
Longitudinal Study of Myopia (Zadnik, Mutti, 
Friedman & Adams, 1993). We use sensitivity and 
specificity analysis and Bayesian statistics to critically 
evaluate the relative and absolute utility of refraction at 
school entry, infant refraction, and parental refractive 
error history in the prediction of future juvenile myopia. 
METHODS 
Data on refractive error at school entry and in 
infancy were taken from two published reports (Hirsch, 
1964; Gwiazda et al., 1993). Hirsch's Table 4 presents 
his retinoscopic findings from 261 eyes out of 766 eyes 
of 383 children refracted at school entry and again at 
ages 13-14yr. Hirsch (1964) randomly selected 100 
emmetropic eyes for presentation i this table from a 
pool of 605 emmetropes in the study, hence the missing 
505 eyes. Multiplying the frequencies for emmetropes by 
6.05 to recreate Hirsch's entire data set should minimally 
distort the estimate of predictability obtained in this 
analysis, assuming that the frequencies of initial refrac- 
tions for these 100 emmetropic eyes are randomly rep- 
resented. Use of the full sample is conservative since 
excluding these emmetropes would overestimate the 
predictive power of Hirsch's data. 
Initial spherical equivalent refraction was divided into 
two groups based on Hirsch's claim that initial refrac- 
tions of less than +0.50 D were the most predictive of 
future myopia: (1) any myopia, emmetropia, or hyper- 
opia up to but not including +0.50 D; and (2) hyperopia 
of +0.50D or more. Ultimate refraction at age 13 or 
14 years was also dichotomized, with eyes either 
myopic ( -0 .50  D spherical equivalent or more myopia) 
or non-myopic ( -  0.49 D or less myopia, emmetropia, or 
any hyperopia). Frequencies used may be found in our 
Table 1. 
Gwiazda et al. (1993) report on a group of 65 out 
of 72 children in a longitudinal study for whom infant 
refractive status was determined within the first 6 
months of life. Of the 31 children with spherical equival- 
ent non-cycloplegic near retinoscopic findings as infants 
of any minus power, 42% became myopic as children 
(criterion for juvenile myopia not stated). Of the 20 
• children with retinoscopic findings as infants of + 0.50 D 
or more hyperopia, 10% became myopic as children. 
We therefore use n = 13 (42% of 31) and n = 2 (10% of 
20), respectively, for the number of children in each 
childhood refractive rror group. The eventual refractive 
status of another group of 14 children with infant 
refractions between 0.00 and +0.49 D are not reported 
by Gwiazda et al. (1993). While it seems probable that 
these emmetropic infants became myopic as children at 
some rate between 10 and 42%, we will examine the 
sensitivity and specificity of these data in two ways: 
(1) the 14 emmetropic infants became myopic at the 
same rate as the hyperopic infants (10%, n = 1); and 
(2) the 14 emmetropic infants became myopic at the 
same rate as the myopic infants (42%, n = 6). The 
frequencies used in these two analyses may be found in 
Tables 2 and 3, respectively. 
Data on the effect of parental history of refractive 
error on the prevalence of myopia in children are taken 
from the Orinda Longitudinal Study of Myopia 
(OLSM), a study of refractive rror and ocular com- 
ponent development in children 6-14 yr of age (Zadnik 
et al., 1993). Data from 333 children in grades 6-8 were 
analyzed both for whether the child was myopic 
by cycloplegic autorefraction (at least -0 .75 D in both 
principal meridians) or was not myopic (less myopia 
than -0 .75D,  emmetropia, or any hyperopia in 
both principal meridians), and for the parents' history of 
refractive error. Two children did not have parental 
refractive history in the data base, resulting in n = 331. 
Informed consent was obtained from the parents of 
study participants after all procedures were explained. 
Children's refractive rror was measured with a Canon 
TABLE 2. Re-analysis of data from Gwiazda et aL (1993) on 
non-cycloplegic retinoscopy in infancy and prediction of myopia onset 
assuming the 14 etnmetropic infants became myopic at a rate similar 
to hyperopic infants (10%) 
Myopia in No myopia 
childhood in childhood Total 
Myopia in infancy 13 18 31 
(any minus power) 
No myopia in infancy 3 31 34 
(piano to any plus power) 
Total 16 49 65 
Prevalence of myopia: 16/65 = 25%. 
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TABLE 3. Re-analysis of data from Gwiazda et aL (1993) on 
non-cycloplegic retinoscopy in infancy and prediction ofmyopia onset 
assuming emmetropic infants became myopic at a rate similar to 
myopic infants (42%) 
Myopia in No myopia 
childhood in childhood Total 
Myopia in infancy 13 18 31 
(any minus power) 
No myopia in infancy 8 26 34 
(plano to any plus power) 
Total 21 44 65 
Prevalence ofmyopia: 21/65 = 32%. 
R-1 autorefractor following tropicamide 1% cyclo- 
plegia. The efficacy of tropicamide as a cycloplegic in 
children of this age and the repeatability of the Canon 
autorefractor a e dealt with in other reports (Egashira, 
Kish, Twelker, Mutti, Zadnik & Adams, 1993; Mutti, 
Zadnik, Egashira, Kish, Twelker & Adams, 1994; 
Zadnik, Mutti & Adams, 1992). Only children in the 
sixth, seventh, and eighth grades were included in the 
analysis because the majority of juvenile myopia 
has developed by this age (Blum, Peters & Bettman, 
1959). 
Parents themselves were not examined, but they com- 
pleted a questionnaire on when they first received glasses 
and whether their glasses or contact lenses were used 
primarily for distance or near vision, or were equally 
important for both. Parents were classified as myopes if 
they used their correction primarily for distance vision, 
or if it was equally important for both distance and near 
viewing as long as they first started wearing spectacles 
before age 16yr. Misclassification is bound to occur, 
with some astigmats and high hyperopes being included 
as myopic parents. This should only reduce the predic- 
tive power of parental refractive history in this analysis, 
making the reported estimate a conservative one. Data 
on test sensitivity and specificity are analyzed in two 
ways: (1) when both parents are myopic (Table 4); 
and (2) when either one or both parents are myopic 
(Table 5). 
Test sensitivity is defined as the number of true 
positives, those with a positive test result who developed 
juvenile myopia divided by the number of children with 
myopia (Table 6). This yields the conditional probability 
P (T+ fM +), or the probability of a positive test result 
(T+),  i.e. myopia in infancy, given that the subject was 
myopic (M +)  in childhood. Test specificity is defined as 
the number of true negatives, those with a negative test 
result who did not develop juvenile myopia divided 
by the number of non-myopic children, giving the 
conditional probability of a negative test result given 
no myopia in childhood, P (T -  rM- ) .  The sensitivities 
and specificities for each risk factor are summarized in 
Table 6. 
While test sensitivity and specificity are useful prob- 
abilities that can be obtained directly from the results 
reported in Tables 1-5, they are not on an absolute scale 
and therefore cannot solely represent the utility of a test. 
Sensitivity and specificity are relative measures whose 
value depends on the prevalence of the condition a test 
is designed to detect. A certain "high" sensitivity and 
specificity for a test of a more common disease may 
indicate that the test is good, while the same level of 
sensitivity and specificity might be inadequate for a test 
of a rare disease (Hill, 1987). 
The conditional probability which together with sensi- 
tivity and specificity expresses the utility or worth of a 
test is its predictive power; for myopia, this would be 
the probability that myopia occurs given that the test 
result was positive, P (M+fT+)  (Hill, 1987). This may 
be thought of as the level of confidence the clinician has 
in a particular test, its diagnostic value, or the likelihood 
that the patient with a positive test result will actually 
go on to develop the condition. It cannot be obtained 
directly from these retrospective studies, however, 
because the prevalence of myopia in the study sample 
may not equal the prevalence in the population of 
interest. Differences in the prevalence of myopia between 
the study sample and population would proportionally 
distort, or bias, any estimate of P (M + IT+) obtained 
directly from Tables 1-5. As in this example adapted 
from Hill (1987), the probability that one would measure 
elevated intraocular pressure in a patient known to have 
glaucoma is virtually the same whether the test is 
conducted in a general practice or a glaucoma clinic, 
despite vast differences in the prevalence of glaucoma in 
these two settings. The probability that a patient with 
elevated intraocular pressure has glaucoma, however, is 
quite different depending on the prevalence of glaucoma 
in the sample being tested. Therefore, for P (M+IT+)  
to apply to a population rather than the test sample only, 
it must be normalized to the prevalence of myopia in the 
population of interest. 
The probability P (M +IT+)  may be obtained from 
P(T+fM+)  and P (T+IM- )  from the study data if 
TABLE 4. Frequency ofjuvenile myopia s a function of whether or not both parents are myopic 
Myopia in childhood 
(at least -0.75 D in both 
meridians) 
No myopia in childhood 
(less myopia than -0.75 D, 
emmetropia, or hyperopia 
in both meridians) Total 
Both parents myopic 24 54 78 
One or no parents myopic 38 215 253 
Total 62 269 331 
Prevalence ofmyopia: 62/331 = 19%. 
Data are taken from cycloplegic autorefraction f children and survey of parents" refractive status as part of the 
Orinda Longitudinal Study of Myopia (Zadnik et al., 1993), See the text for the definition of parental myopia. 
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TABLE 5. Frequency of juvenile myopia as a function of whether any parent, one or both, or neither parent 
is myopic 
Myopia in childhood 
(at least -0.75 D in both 
meridians) 
No myopia in childhood 
(less myopia than -0.75 D, 
emmetropia, or hyperopia 
in both meridians) Total 
Any parent myopic 56 173 229 
Neither parent myopic 6 96 102 
Total 62 269 331 
Prevalence of myopia: 62/331 = 19%. 
Data are taken from cycloplegic autorefraction f children and survey of parents' refractive status as part of the 
Orinda Longitudinal Study of Myopia (Zadnik et al., 1993). See the text for the definition of parental myopia. 
one knows P (M +), the prevalence of myopia in the 
population of interest, by the use of Bayes' theorem 
(Hill, 1987): 
P (M+IT+)  = 
P(M+) .P (T+IM+)  
{P (M +),P (T + IM +)} + {P (M -) ,P (T + iM -)}" 
Similarly, 
P (M- IT - )  = 
P (M- ) ,P  (T - IM- )  
{P (M-),P (T- IM-)} + {P(M +),P (T-IM +)}" 
Since the prevalence of myopia varies as a function 
of age and ethnicity (Working Group on Myopia 
Prevalence and Progression, 1989), we calculated esti- 
mates of P (M+IT+)  and P (M- IT - )  for a range 
of myopia prevalences, P (M+) ,  from 0.10 to 0.25 
(Sperduto, Siegel, Roberts & Rowland, 1983). The prob- 
ability of no myopia, P (M - ) ,  is equal to 1 - P (M +). 
RESULTS 
I.H 
Test sensitivities, probabilities for a positive test result 0 = 
given that a child is myopic, range from a high of 0.90 ~ ~tr 
for any parent, one or both, being myopic to a low of O 
0.39 for both parents myopic (Table 6). Test specificities, O tu 
L.-. 
probabilities for a negative test result given that a child ~ 
is not myopic, range from a high of 0.91 for refraction 
at school entry, to a low of 0.36 for any parent being ~ 
TABLE 6. The sensitivity and specificity of various predictive tests 
Test Test 
Predictive test sensitivity specificity 
Refraction at school entry 0.59 0.91 
Infant refraction (10%) 0.81 0.63 
Infant refraction (42%) 0.62 0.59 
Both parents myopic 0.39 0.80 
Any parent myopic 0.90 0.36 
Sensitivity is the proportion of future myopes (15% of the population) 
whose myopia is correctly predicted from the test results. Specificity 
is the proportion of future non-myopes (85% of the population) 
who are identified correctly based on the results of the predictive 
test. Predictive tests are: (1) refraction at school entry; (2) refraction 
in infancy assuming 10% of emmetropic nfants become myopic; 
(3) refraction in infancy assuming 42% of emmetropic infants 
become myopic; (4) history of myopia in both parents; and (5) 
history of myopia in any parent. 
myopic. Prevalences of myopia in these studies ranged 
from a high of 32% for Gwiazda et al. (1993) to a low 
of 12% for Hirsch (1964) (Tables 1-5). 
Probabilities P (M + IT +) and P (M - IT - )  obtained 
from Bayes' theorem are shown as a function of the 
prevalence of myopia in Fig. 1. As expected, 
P (M + IT + ) increases and P (M - IT-  ) decreases with 
higher prevalences for each test. If 15% is taken as 
a typical prevalence for myopia (Blum et al., 1959), 
then the greatest power for the prediction of juvenile 
myopia [highest P(M+IT+)] ,  0.53, is obtained from 
refraction at school entry (see arrow on Fig. 1). Infant 
refraction has approximately half the power to predict 
myopia as refraction at school entry, 0.21~).28. Parental 
history of myopia has similar predictive power to infant 
refractive rror, 0.25 if both parents are myopic and 0.20 
if any parent is myopic. The probabilities for predicting 
D. 
1.0 
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- I I  - . I I  
& 
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0 
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• • • • 
0.2 + • • ÷ 
4- ÷ 
0.0 i i i i i 
School Infant Infant Both Any 
Entry {10%} (4~/,) Parents Parent 
PREDICTIVE TEST 
FIGURE 1. The probabilities of myopia as a child given a positive test 
result {P(M+IT+))  are depicted by the solid symbols, • for a 
prevalence of myopia of 25%, • for 20%, • for 15%, and + for 
10%. The probabilities of no myopia given a negative test result 
{P (M-  IT-)} are depicted by the open symbols, O for a prevalence 
of myopia of 25%, A for 20%, [] for 15% and x for 10%. Predictive 
tests are: (1) refraction at school entry; (2) refraction in infancy 
assuming 10% of emmetropic nfants become myopic; (3) refraction in 
infancy assuming 42% of emmetropic infants become myopic; (4) 
history of myopia in both parents; and (5) history of myopia in any 
parent. 
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no myopia given a negative test result, P (M- fT - ) ,  
occur in a narrow range, from 0.88 to 0.95 (Fig. 1). 
The criteria for the dichotomization f risk factor data 
in the preceding analyses were based on the recommen- 
dations made in the original papers. The effect of 
changing the criteria for dichotomization may be seen in 
Table 7. Hirsh (1964) provides data on various levels of 
refraction at school entry, but refraction at age 13 or 14 
is a fixed classification. These data can be used to 
illustrate the effects of changing the criterion for the risk 
factor. There is a reciprocal relationship between sensi- 
tivity and specificity as the criterion for initial refraction 
is altered (Table 7A). Large improvements in sensitivity 
come at the expense of specificity when the criterion 
for refraction at school entry is hyperopia less than 
+ 1.00 D and vice versa if the criterion is hyperopia less 
than +0.25D. The probability P (M+IT+)  generally 
increases as the criterion for refraction at school entry is 
shifted toward less hyperopia, again at the expense of 
sensitivity. 
Characterization of parental history in the OLSM 
data is also fixed, but the effects of changing the criterion 
for outcome, defining children's myopia as refractive 
error in both meridians from -0.25 to -1.00 D, are 
shown in Tables 7B and C. The main effect is a shift in 
the prevalence of myopia in the sample. Performance 
characteristics, sensitivity, specificity, and P (M + IT +), 
are relatively unaffected by changes in sample prevalence 
since the results are normalized for a population preva- 
lence of 15%. Data from Gwiazda et al. (1993) are not 
available in a form which allows for an analysis of the 
effects of changing criteria for dichotomization f either 
risk factor or outcome. 
The prevalence of myopia in parents of OLSM 
participants was 46% (307/662), lower than the 62-65% 
prevalence found by Gwiazda et al. (1993) in their 
sample. Of the 229 OLSM children with myopic parents, 
151 had one myopic parent and 78 had two myopic 
parents. The prevalence of myopia in children with no 
myopic parents was 5.9% (6/102), increasing to 21.2% 
(32/151) if one parent was myopic, and 30.8% (24/78) 
if both parents were myopic. These prevalences as 
a function of parental refractive history are similar to 
those found by Gwiazda et al. (1993) as well as Ashton 
(1985). 
These results can also be used to estimate the prob- 
ability of myopia given information on two tests: (1) 
parental history of myopia; and (2) refraction at either 
infancy or entrance to school, P (M + IT~ +, T2 +). The 
probability of myopia given a single test result will 
become the new prevalence of myopia used in calculating 
"the probability of myopia given the result on the second 
test (Hill, 1987). Assuming a prevalence of myopia of 
15%, the conditional probabilities of myopia given the 
results from two tests are depicted in Fig. 2. This analysis 
also assumes that the two tests are independent, that 
TABLE 7. The effect of changing criterion for dichotomization f the the risk factor efraction at school entry 
(A) and the outcome measure (criterion level for juvenile myopia) for both parents myopic (B) and any parent 
myopic (C) 
(A) Refraction at School Entry 
Retinoscopy at 
School entry: 
Sph. eq. refraction of Test Test 
hyperopia less than: sensitivity specificity P (M+IT+)  P (M- IT - )  
0.00 0.11 1.00 1.00 0.86 
+0.25 0.18 0.95 0.37 0.87 
+0.50 0.59 0.91 0.53 0.93 
+0.75 0.82 0.61 0.27 0.95 
+ 1.00 0.98 0.22 0.18 0.98 
(B) Both Parents Myopic 
Myopia in childhood 
(at least this amount Test Test 
in both meridians) sensitivity specificity P (M + iT + ) P (M- IT - )  P (M+)  
- 0.25 0.34 0.80 0.23 0.87 0.27 
-0.50 0.38 0.80 0.25 0.88 0.22 
-0.75 0.39 0.80 0.25 0.88 0.19 
- 1.00 0.36 0.79 0.23 0.88 0.17 
(C) Any Parent Myopic 
Myopia in childhood 
(at least this amount Test Test 
in both meridians) sensitivity specificity P (M+IT+)  P (M- IT - )  P (M+)  
-0.25 0.83 0.36 0.19 0.92 0.27 
-0.50 0.83 0.35 0.18 0.92 0.22 
-0.75 0.90 0.36 0.20 0.95 0.19 
- 1.00 0.91 0.35 0.20 0.96 0.17 
Results in (A) demonstrate he reciprocal relationship between changes in sensitivity and specificity as the 
criterion for the risk factor are altered. Changing outcome criteria in (B) and (C) only affect he prevalence 
of myopia in the sample, to which the results are quite robust. 
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FIGURE 2. The probabilities of myopia as a child given a positive 
result on two tests {P (M + IT~ +, T2 +)}, parental history of myopia 
and either efraction on school entry or infant refraction, are depicted 
by the solid symbols, • if both parents are myopic, • if any parent 
is myopic, and • if neither parent is myopic. The probabilities of no 
myopia given a negative result on two tests {P (M-  IT1 - ,  T2 - )}  are 
depicted by the open symbols, O if both parents are myopic, A if any 
parent is myopic, and [] if neither parent is myopic. The prevalence 
of myopia is assumed to be 15%. Predictive tests are: (1) refraction at 
school entry; (2) refraction in infancy assuming 10% of emmetropic 
infants become myopic; and (3) refraction in infancy assuming 42% of 
emmetropic nfants become myopic. 
P(T2+IM+) is the same regardless of the outcome of 
the results for T~ (see Discussion). 
Having information on whether any or both parents 
are myopic increases the probability of myopia com- 
pared to knowing only refraction at school entry or in 
infancy. This probability ishighest if refraction at school 
entry is more myopic than + 0.50 D and both parents are 
myopic, 0.69 (see arrow on Fig. 2). While knowing that 
both parents are myopes also increases the likelihood 
of myopia given a myopic refraction in infancy, the 
probability remains less than that for refraction at 
school entry, 0.34 to 0.43. 
DISCUSSION 
Bayesian analysis allows for risk factors associated 
with myopia to be expressed as probabilities which can 
then be compared for their ability to predict myopia. The 
best single predictor of myopia as a child is a refraction 
more myopic than +0.50D at school entry (0.53 for 
a prevalence of myopia of 15%). Infant refraction and 
parental history of myopia have a lower and roughly 
similar power to predict myopia (0.20--0.28). This rep- 
resents only a small to moderate increase in predictive 
power over the 0.15 prevalence-based stimate one 
would have with no test information at all. 
Other elements should be considered, however, 
before making a judgment about which test is the most 
"useful", or the most suitable for predicting the onset 
of myopia and, someday, directing treatment. One is 
the prevalence of the risk factor. A relatively rare 
finding, such as a refraction of piano at school entry, 
even if highly predictive, would be a poor basis for 
making decisions. Likewise, positive findings which ap- 
ply to many children but which have poor predictive 
power also would have little utility. The ideal situation 
would be to have a test or battery of tests that has 
the predictive power as well as the sensitivity and 
specificity to correctly discriminate he future myopes in 
the population from the non-myopes. 
Unfortunately, none of these three factors alone has 
all of these characteristics. Table 6 lists the sensitivity, 
P (T+IM+),  and specificity, P (T -LM- ) ,  of each 
factor. A positive test result would indicate the need for 
treatment and a negative result no treatment. Therefore, 
P (T + LM +) is also the probability of correctly treating 
the future myope and P (T - IM- )  the probability 
of correctly not treating the future non-myope. A refrac- 
tion at school entry more myopic than +0.50 D would 
identify only 59% of those who became myopic. 
It is more effective at identifying the non-myope, with 
a specificity of 92%. A myopic refraction in infancy 
identifies from 62 to 81% of future myopes (depending 
on how many of the emmetropic infants became myopic; 
Gwiazda et al., 1993), but it would recommend unnecess- 
ary treatment for 37-41% of non-myopes. Infant refrac- 
tion appears to add a negligible to modest increase 
in sensitivity coupled with a large decrease in specificity 
compared to refraction at school entry. The most 
myopes are identified on the basis of any parent having 
myopia, 90%. This is clearly a poor basis for a treatment 
decision, however, since 64% of non-myopes would also 
receive treatment by this criterion. 
In contrast o the statement from Gwiazda et al. 
(1993) " . . .  children who develop school-age myopia can 
be predicted from their infantile manifest refraction", 
the results from this analysis uggest that infant refrac- 
tion has limited predictive power and is not sufficiently 
specific to be used as a basis for predicting juvenile 
myopia. Refraction at school entry has nearly twice 
the predictive power, somewhat less sensitivity, and 
much greater specificity when compared to refraction in 
infancy. Improved predictive power and specificity may 
come from infant refractions if the criterion for dichoto- 
mization of refraction in infancy is modified, but it is 
likely that this will come at the expense of sensitivity, as 
illustrated for refraction at school entry (Table 7A). 
The age at testing could affect the predictive power 
and specificity of infant refractions as Gwiazda et al. 
(1993) found greater correlations between refractions at 
age 1 yr and those after the age of 5 yr than those done 
at age 3 months. Results from Hirsch (1964) may be the 
upper limit to this improvement, however. Cycloplegia 
may also have an impact on the utility of infant 
refractive measures as predictors of eventual refractive 
error. Accommodative responses are immature in infants 
under 2 months of age (Haynes, White & Held, 1965; 
Braddick, Atkinson, French & Howland, 1979; Banks, 
1980); thus measures of tonic accommodative posture 
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may confound non-cycloplegic retinoscopy in infants 
under 6 months of age. Longitudinal cycloplegic refrac- 
tive data are being collected in infants (Atkinson, 
1993; Wood & Hodi, 1992), although the duration of 
follow-up has not yet extended to adolescence. 
If single tests fail, results presented in Fig. 2 suggest 
that combining test results could improve predictive 
power. The validity of Fig 2, however, depends on 
whether the probability of a refraction of less than 
+0.50D at school entry is similar in children who 
became myopic and had myopic parents to that in 
children who became myopic and had no myopic 
parents. The degree of this correlation is not known 
from any published data. If the tests are correlated, 
P (T2 + IM +)  will obviously increase for the second test 
if the result is positive on the first test. For example, if 
two color vision tests were used to detect glaucoma, the 
probability of failing the second color test would 
be clearly higher if there were failure on the first test. 
Given that distortion, it would be inappropriate to use 
the probability of glaucoma given a positive result on 
the first test as the new prevalence of glaucoma for the 
second test. Rather than to provide a firm estimate for 
predictive power, however, Fig. 2 is meant to illustrate 
the improvement in predictive power which results from 
the use of two or more tests assumed to be largely 
independent. Considering the inadequacy of single 
predictive tests, such approaches would be worthwhile 
in the future. 
If predictive tests are identified and an effective treat- 
ment is available, the timing of treatment is an important 
consideration. Dedicating resources to predict juvenile 
myopia from infant refraction is problematic since 
infancy would be an inappropriate time to begin treat- 
ment to prevent myopia. Therapies such as bifocal 
spectacles or contact lenses could not be used. Any 
pharmaceutical intervention i tended to slow eye growth 
would not be advisable since substantial normal eye 
growth occurs between infancy and the age of 8 yr when 
the prevalence of myopia begins to increase (Larsen, 
1971; Blum et al., 1959). Any emmetropization which 
may occur during that time should not be interrupted. 
A more effective battery of tests for predicting myopia 
might be better used closer to the time when the majority 
of eye growth is complete, but before the onset of 
myopia. 
Another factor to consider is the impact of 
the treatment i self, both in terms of the inconvenience 
to the parent or child, the chance of significant side 
effects, and the financial cost to parents, insurers, 
or government. These factors determine what level 
of sensitivity and specificity are required of any predic- 
tive tests for myopia. If both the cost of treatment 
and its morbidity are low, poorer specificity becomes 
acceptable. As specificity becomes worse, however, 
the need for performing any testing at all also decreases, 
especially if the prevalence of the condition to be 
treated is high. For example, all children drink fluori- 
dated water without any testing for a risk of dental 
caries. If the prevalence of myopia were very high, as 
in Asia (Lam & Goh, 1991), and treatment morbidity 
and cost were low, predictive testing might be less 
important. 
A more likely scenario in the United States, with a 
prevalence of myopia in children between 10 and 25% 
(Sperduto et al., 1983), is that the cost of any efficacious 
pharmaceutical treatment for myopia will be high and 
that tests for myopia with a high predictive power will 
be required by the clinical community. A sensitivity near 
90%, equal or greater specificity, and a predictive power 
near 90% might be reasonable goals for such a battery 
of predictive tests. At present, however, which tests to 
perform and when to perform them in order to achieve 
these levels are not known. 
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